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RÉSUMÉ 
La filtration à porosité double (DPF) est une nouvelle technologie conçue pour l'élimination simultanée 
des matières en suspension (MES) et des polluants solubles dans les eaux usées. La DPF est basée 
sur les principes de l’écoulement gravitaire, la sédimentation des matières solides, et l'adsorption de 
contaminants dissous. Une unité pilote de 10 m sur 60 m est utilisée pour tester la capacité de la DPF 
à traiter l’écoulement des eaux pluviales provenant d’une zone de 1,3 hectares de routes dans un 
nouveau quartier de Copenhague. L'installation est constituée d’un filtre à lit en calcite sectionné 
horizontalement par des plateaux de PE à porosité élevée pour maintenir le débit. Deux différentes 
versions de la DPF sont comparées, l’une avec 6 plateaux à haut débit (DPF-6-couches) et l’autre 
avec 18 plateaux à haut débit (DPF-18-couches), les deux fournissant le même débit d'environ 2,5 L / 
s. Une première démonstration de faisabilité est basée sur 25 échantillons obtenus sur la période de 
janvier à juillet 2007. Les concentrations en MES totales, Zn, Cu, Cr, Pb et P ont été comparées aux 
exigences locales de qualité de l'eau. Les MES ont été réduites d’une concentration d'entrée moyenne 
de 123 mg / L à des concentrations de sortie de 10,4 mg / L pour la DPF-6-couches, et 1,4 mg / L pour 
la DPF-18-couches, valeurs dans les deux cas inférieures aux exigences de <25 mg / L. Des données 
similaires sont obtenues pour les métaux lourds et le phosphore. La première démonstration de 
faisabilité est satisfaisante, et la DPF est actuellement développée pour des essais à grande échelle. 
ABSTRACT  
Dual Porosity Filtration (DPF) is a novel technology designed for simultaneous removal of suspended 
solids (SS) and dissolved contaminants from storm water. DPF is based on gravity-flow, sedimentation 
of solids, and adsorption of dissolved contaminants. A pilot plant measuring 10 m by 60 m is being 
used to test the ability of DPF to treat storm water runoff from 1.3 hectares of roads in a new 
Copenhagen development. The DPF pilot plant consists of a calcite filterbed, horizontally cross-
sectioned by high-porosity PE-layers for flow support. Two DPF-versions are compared, one with 6 
high-flow layers (DPF-6-layer) and one with 18 high-flow layers (DPF-18-layer), both providing the 
same flow capacity of approximately 9 m3/h. Due to the dual porosities (high in PE-layers, low in 
calcite layer) clogging is avoided in DPF, and a high operating flow rate can be maintained throughout 
its lifespan (several years). First proof of concept is based on 25 samples obtained January – July 
2007. Outlet concentrations of total SS, P, and the heavy metals Zn, Cu, Cr, and Pb were compared 
with municipal quality requirements. SS were reduced from average inlet concentrations of 123 mg/L 
to outlet concentrations of 10.4 mg/L in the DPF-6-layer, and 1,4 mg/L in the DPF-18-layer, which are 
both below the required limit of <25 mg/L. Similar data is provided for the heavy metals and P. This 
paper demonstrates that first proof of concept is successful, and DPF is now being further developed 
for large scale testing.  
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1.1 Urban water as part of the hydrological freshwater cycle 
The comprehensive hydrological freshwater cycle, on which we all depend, is under tremendous 
pressure from the ongoing industrialization and urbanization of the world (Oki and Kanae, 2006). The 
water quality gradually becomes poorer due to nutrients, organic contaminants, heavy metals and 
pathogens being discharged into the water from urban runoff.  Increased imperviousness inside the 
urban areas prevents rain from infiltrating into the soil, and instead generates storm water runoff, 
which has a low quality and may cause sewer systems to overflow. Today, most cities have a linear 
rather than a cyclic way of using water: freshwater is supplied from far outside the city and upon usage 
the water is discharged in direction towards rivers and the ocean. In this way, as the hydrological cycle 
becomes more and more displaced the need for recycling and reuse of water is accentuated. One 
major resource of water in cities is the storm water runoff. However, due to pollutants from traffic, 
construction activities, households and industries the runoff is not suitable for supply purposes without 
treatment.  
1.2 Treatment of storm water runoff from trafficked areas 
High quality treatment of storm water runoff from roads and parking areas is not a common practice for 
these types of land uses. The current status of best management practices involves basically sand 
and oil traps only. Some places like in the US, Germany and the Netherlands sustainable urban 
drainage devices (SUDS) based on infiltration through an upper soil layer (bioswale, swale-trench 
system, infiltration area) ensure a high quality of storm water runoff infiltrating the ground, but provide 
no options for direct usage of the treated water. Treatment technologies based on membrane filtration 
or reverse osmoses provide this option, but due to the associated energy and operating requirements 
their application is limited to high-value supply purposes like drinking water. In the search for 
alternative technologies one should bear in mind that the technology need to target the mixed 
contaminant profile that is characteristic of storm water runoff (Eriksson et al. 2007 and Göbel et al. 
2007), to operate at flow rates matching the runoff velocity, and to conserve the water volume in the 
treatment process. 
1.3 Dual Porosity Filtration (DPF) 
Dual Porosity Filtration (DPF) is an IPR-protected technology developed at University of Copenhagen 
for treatment of storm water runoff to high quality. It is presently being tested in a pilot plant in 
Copenhagen for treatment of road runoff to supply recreational canals with clear water. The treated 
runoff has to meet high quality criteria, so that in principle it could be used for more essential supply 
purposes, which is however not a priority presently in Copenhagen. By introducing local treatment of 
storm- and waste water in the cities the hydrological loop can be much improved.  
 
 
Figure 1: Illustration of DPF-6-layer. The road runoff passes through a sampling well, arrives at the inlet and flows 
50 m horizontally through shallow slits (high porosity filter layers) overlying the lime stone filter media (low 
porosity layers) wherein the contaminants accumulate, to the outlet. The enlargement shows the stack of 6 
alternating high porosity (6 mm, white) and low porosity (10 mm, grey) flow layer, representing a total height of 9.6 
cm. In case of the DPF-18-layer the stack consists of 18 layers, with 4 mm high flow layer, and 10 mm low flow 
layers, representing a total height of 25,2 cm. 
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DPF simultaneously targets dissolved contaminants like heavy metals and organic contaminants and 
suspended solids ranging in size from 1-2 µm to 100 µm. As a flow media the DPF-facility is mimicking 
solute and water processes in fractured till, with exchange of substances between mobile and 
immobile volumes of water (Figure 1). The operating mass removal mechanisms include 
sedimentation, adsorption and biodegradation, with no addition of chemical agents. The DPF-facility 
consists of a filterbed containing a filter media that is horizontally cross-sectioned by a number of high-
porosity layers. The high porosity layers, which supports flow in the same way as a fracture in a till 
soil, reduce the hydraulic resistance and allow for the flow to be gravity driven, in this way presenting a 
filter with a high flow capacity and no external energy demand. The high-flow layer distributes the 
water across the calcite grains, which represent the low-flow layers. Dissolved and suspended 
pollutants accumulate in the calcite layers, maintaining the high-flow layers free of clogging. The DPF-
facility can be placed below ground, e.g. under a lawn, a pavement or a plaza, in this way not 
consuming urban space. 
2 OBJECTIVES 
The objective of the present study was to provide first proof of concept for the DPF-technology with 
respect to contaminant removal and hydraulic capacity. Treatment success criteria were removal of 
SS to <25 mg/L, of Zntot to < 110 µg/L, of Cutot to < 12 µg/L, of Crtot to < 10 µg/L), of Pbtot to < 3.2 µg/L 
and of Ptot to < 100 µg/L from road runoff. Likewise, the flow capacity, Q, of the pilot plant was to meet 
18 m3/h, equivalent to a flow rate of 450 m3/h for a full scale plant treating runoff from 31.5 ha of roads 
in the Orestad site.  
3 MATERIALS AND METHODS 
The proof of concept was provided by measuring saturated hydraulic conductivity, and by obtaining 
event mean concentrations in 25 events of runoff from 1.3 ha of roads and parking areas before and 
after passing of the DPF-plant in Orestad, Copenhagen, Denmark, from January to July 2007. 
 
3.1 DPF pilot plant in Orestad, Copenhagen 
The DPF pilot plant is placed below ground at frost-free depth (Figure 2) in a park in Orestad, a newly 
developed region of Copenhagen. Two separate DPF-filters, a DPF-6-layer and a DPF-18-layer, are 
being compared. They are built in parallel to each other in the same excavation pit, but hydraulically 
separated by means of a 1 mm PE-membrane wrapped and welded around each filter. Both filters 
have a width of 3.44 m and a length of 50 m. The DPF-6-layer consists of a stack of 6 pairs of high 
and a low flow layers, comprising a total height of 9.6 cm, while the DPF-18-layer consists of 18 such 
paired layers, comprising a total height of 25.2 cm. The high-flow-layer in the DPF-6-layer is made 
from a 6 mm open PE-net, while in the DPF-18-layer a 4 mm open PE-net is used. The low-flow layers 
are in both filters made up of 10 mm thick layers of Danish Bryozoan limestone grains, with a grain 
size of 1 – 3 mm that was placed between two geotextiles; the top textile having mesh size 1x1 mm 
and the bottom textile having mesh size 0.3x0.3 mm. The DPF pilot plant is dimensioned to treat 95 % 
of the annual storm water runoff, which corresponds to a return period of 5 years, from 1.3 ha of 
trafficked surfaces. The corresponding flow capacity of the pilot plant is 5 L/s (18 m3/h), or 2.5 L/s for 
each of the two DPF-filters. The annual precipitation in Copenhagen is 580 mm. 
In Orestad all road runoff is collected in separate road runoff sewers and passed through an ordinary 
sand and oil trap before being pumped out of the area. During rain events the pilot plant receives road 
runoff from a small pipe inserted into the discharge pumping pipe. The inlet water is sampled from the 
inlet sampling well and is then split into two streams, feeding DPF-6-Layer and DPF-18-Layer, 
respectively. The water level builds up in each of the two inlet chambers and when reaching the inlet 
window the water flows into the narrow stack of 50 m long pairs of high- and low flow layers. A 
hydraulic gradient is provided from the water level in the inlet rising above the water level in the outlet 
(max. slope 2 %). From the outlet concrete chambers the water is pumped through a sampling 
chamber and then discharged to a canal. 
3.2 Sampling 
3.2.1 Sampling equipment 
The inlet flow is online registered by a magnetic flux flow meter (MJK) placed directly in the pipe 
entering the inlet sampling well. The water passes through an open stainless steel container of 
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approximately 5 L from where flow proportional samples are sampled in a fraction collector with 24 0.5 
L PE-containers (ISCO 3700). The flow through the DPF-6-layer and the DPF-18-layer is recorded in  
 
Figure 2: Illustration of the flow system in the DPF-pilot plant placed below ground in a park in Orestad, 
Copenhagen. Road runoff arrives through a pipe (to the left) connected to the main road runoff discharge pipe in 
the road (dotted line). The runoff passes through a sampling well (black circle) before being split into the DPF-6-
layer filter (above grey box) and the DPF-18-layer (below grey box). After sampling, the treated water is 
discharged to a small ditch. 
the two outlets by use of magnetic flux flow meters inserted in the discharge pipes. Flow proportional 
samples of the outlet water are obtained by use of fraction collectors in a setup similar to the inlet 
configuration.  
3.2.2 Determination of hydraulic conductivity 
Before testing the performance of the DPF-6-layer and the DPF-18-layer towards SS, heavy metals 
and P removal the hydraulic capacity of each filter was determined during water saturated conditions. 
Each filter was filled with water to displace trapped air. Hereafter the water was pumped from the 
outlet chamber back to the inlet chamber at a constant rate until the water levels in both chambers 
were steady. The values for flow and water levels were then registered, where after the pumping 
velocity was changed to force a new hydraulic gradient across the filter. This procedure was repeated 
5 times for the DPF-6-layer and 4 times for the DPF-18-layer. During operation of the pilot plant the 
max flow rate observed within individual events was used as an indicator of clogging trends.  
3.2.3 Analyses of 25 events  
A portion of each bulk sample was analyzed for SS by filtering through a boron silicate filter with a 
pore-size of 0.7 µm (Whatman GF/A), drying and weighing, following DS/EN 872:2005 
(Danish/European Standard, 2005). For determination of heavy metals and phosphorus in the bulk 
samples the Danish Standard DS 259:2003 (Danish Standard, 2003) was followed: Unfiltered samples 
were acid digested in 7 M HNO3 heated to minimum 120ºC in a microwave for 30 minutes, hereafter 
the element concentrations were determined by ICP-MS (Inductively Coupled Plasma Mass 
Spectrometry) analysis at an Agilent 7500c ICP-MS (Agilent Technologies, Tokyo, Japan) equipped 
with an octopole reaction system.  
4 RESULTS 
4.1 Hydraulic capacity of the filter 
In Figure 3 the observed flow is plotted as a function of the gradient, which is calculated as the vertical 
distance between water level in inlet and outlet chambers (in meters) divided by the length of the filter 
(50 m). The linear correlations (R2=almost 1) suggest the flow to be described with Darcy’s law, q = i * 
Ksat, where q is the specific flow rate (m
3/m2 per s), i is the gradient (m/m) and Ksat is the saturated 

























Figure 3: Flow as a function of hydraulic gradient in the DPF-6-layer (diamonds) and the DPF-18-layer (squares). 
 
0.13 m/s in the DPF-18-layer (i.e. the flow rates at a i = 1 and a cross sectional flow area of 1 m2). The 
maximum difference between water levels in in- and outlet chambers is 1.3 meter in the DPF-6-layer, 
and 1.2 m in the DPF-18-layer, corresponding to i = 0.026 and i = 0.024, respectively and flows of 
approximately 9 m3/h in the DPF-18-layer, and 10 m3/h in the DPF-6-layer. In the design of the pilot 
plant the aim was to achieve a flow capacity of 9 m3/h in each filter. When i is at the maximum the 
desired flow rate is reached in DPF-6-Layer, and almost (8.5 m3/h) in the DPF-18-Layer, and the 
design criteria has as such been successfully met.  
The observed flow rates, both maximum and average, in each of the 25 samplings of runoff events are 
shown in Figure 4. It is seen that a number of the events results in maximum flow rates in DPF-6-
Layer around the design criteria of 9 m3/h, and that this is also the case for a few events in the DPF-
18-Layer, in this way the measured hydraulic conductivity is confirmed. The maximum flow is reached 
only in events with high rain intensity. The average flow in the DPF-6-layer during the 25 events is 7 
m3/hour, and 4 m3/hour for the DPF-18-layer, reflecting the differences in hydraulic conductivity and 
gradient. It should be noted that from later event samplings (data not shown) a clogging trend was 
observed, especially for the DPF-18-Layer. This was confirmed from filter cores sampled after 2 years 
of operation, showing sediment to not only fill out the porosity of the lime stone filterbed, but also partly 
clogging the high-flow layers, in the first part (5- 10 m).  
 
Figure 4: Maximum flow in each of the 25 events (white) compared with the average flow for the event (grey). 
Upper: The DPF-6-layer. Lower: The DPF-18-layer. Dotted line shows the desired maximum flow of 9 m3/hour. 
For the DPF 6-layer the measurement for event 6, 17 and 18 failed, and for the DPF-18-layer measurement for 
































Figure 5: Suspended solids in bulk samples from the 25 events in inlet water (white), the DPF-6-layer outlet water 
(grey) and the DPF-18-layer outlet water (light grey). The quality threshold limit from the Municipality of 
Copenhagen for treated road runoff is 25 mg SS/L (indicated by dotted line). Measurement for SS in event 6 failed 
for the DPF-6-layer and in event 18 for both the DPF-6-layer and the DPF-18-layer. 
 
4.2 Contaminant removals 
4.2.1 Suspended solids (SS) 
The average level of SS in road runoff arriving at the DPF-pilot plant was 123 mg/L. As this water has 
already passed through a sand trap the original level of SS in road runoff from the area is assumed to 
be higher. The average value covers a significant variation from 23 mg/L to 393 mg/L, the highest 
value exceeding 16 times the required outlet concentration of 25 mg/L (Figure 5 and Table 1). 
Upon passage of the DPF-6-layer the road runoff meets the required level with respect to SS in all but 
one event, resulting in an average outlet concentration of 10.5 mg/L, varying from 1.4 to 25.8 mg/L 
(event no. 25). The concentration of SS in the outlet from the DPF-18-layer is far below the required 
level in all events, returning an average concentration of 1.4 mg/L, covering variations from 0.4 to 4.4 
mg/L. The average percentage removals in the DPF-6-layer and the DPF-18-layer for SS are 91.5 and 
98.9%, respectively. These results are summarized in Table 1, which also contains the standard of 
deviation based on the 25 events. 
The ability of the DPF-technology to effectively remove SS is visible to the naked eye. The colour of 
the road runoff is changed from greyish brown to clear in outlet from DPF-6-layer, and to “crystal” clear 
in outlet from DPF-18-layer (Figure 6). The distribution profile of SS across the 50 m long DPF-filters 
(data no shown) is strongly skewed towards the inlet side, and approximately 80 % of the total SS-load 











Figure 6: Road runoff sampled before, during and after treatment in the DPF-6-Layer of a rain event in January 
2007. Samples are obtained simultaneously from the inlet (left bottle) and the outlet (right bottle) and at 6 
positions at increasing distance from the inlet (1 m, 10 m, 20 m, 30 m, 40 m and 49 m) from a selected high-flow 
layer equipped with 3 mm suction tubes. The samples were obtained after several hours of flow through the filter, 
and at a flow rate of 7.8 m3/h.  
inlet 1 m 10 m 20 m 30 m 40 m 49 m outlet 
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  SS Zn Cu Cr Pb P 
  mg/L µg/L µg/L µg/L µg/L µg/L 
 Requirement 25 110 12 10 3.2 100 
Avg. 123 98 25 18 9 178 
Min-max 23 - 393 28 – 208 9 – 50 8 - 58 1 - 22 66 - 656 
Inlet 
Std.dev. (n) 87.1 (25) 51.9 (25) 10.7 (25) 12.4 (25) 5.2 (25) 117.8 (25) 
Avg. 10.5 29.5 12.2 10.9 1.0 47.4 
Min-max 1.4 - 25.8 9.7 - 70.2 7.4 - 20.5 3.1 - 37.2 0.2 - 2.5 18.6 - 101.4
Std.dev. (n) 6.2 (23) 14.7 (23) 3.5 (23) 9.3 (23) 0.7 (23) 18.1 (23) 
Outlet 
DPF-6-layer 
% Removal 91.5 70.0 50.6 40.5 88.1 73.3 
Avg. 1.4 12.5 9.6 10.0 0.2 39.0 
Min-max 0.4 - 4.4 2.5 - 29.2 4.8 - 24.1 2.6 - 38.4 0.0 - 0.5 16.0 - 78.2 
Std.dev. (n) 0.8 (24) 7.2 (24) 4.4 (24) 9.7 (24) 0.1 (24) 13.5 (24) 
Outlet 
DPF-18-layer 
% Removal 98.9 87.3 61.1 45.7 97.7 78.0 
 
Table 1: Summary of contaminant removals in 25 road runoff events. The required values refer to the maximum 
outlet concentrations accepted by the Municipality of Copenhagen for discharge to recreational canals. SS = 
suspended solids. Avg. = Average of event mean concentration (EMC). Min-max= lowest and highest EMC. 
Std.dev. (n) = standard deviation (number of events included). % removal = average outlet concentration in 
percentage of average inlet concentration. 
 
4.2.2 Heavy metals 
The inlet and corresponding outlet total concentrations of Zn, Cu, Cr and Pb from the DPF-6-layer and 
the DPF-18-layer are shown in Figure 7 for each event. In Table 1 the findings are summarized 
statistically with average concentrations, minimum and maximum concentrations, standard deviation 
and percentage removal.  
In approximately half of the observed events the level of Zn in the inlet is already below the required 
threshold level of 110 μg/L, while in the other half the required level is exceeded by 2-3 times. The 
concentration of Zn in the outlet water from the DPF-6-layer is below the requirement in all events, and 
in case of the DPF-18-layer it is considerably below.   
The level of Cu in the inlet water generally exceeds the required outlet concentration of 12 μg/L. In 11 
events the outlet concentrations from DPF-6-layer are below the requirement, while this is the case for 
all events in DPF-18-layer. 
In 75% of the events the concentration of Cr in the inlet water is above the requirement of 10 μg/L. In 
15 of the events the outlet concentrations from the DPF-6-layer are below the requirement, while it is 
lower than the required concentration in 16 of the events in the DPF-18-layer.  
In almost all of the events the concentration of Pb in the inlet water is significantly above the required 
outlet requirement of 3.2 μg/L. In all events the outlet concentrations from both the DPF-6-layer and 
the DPF-18-layer are below the required level.  
Slightly higher outlet concentrations than inlet concentrations are observed in a few events: Zn in 
event 7, Cu in event 6, 7 and 13, and Cr event 1, 6, 7, 9, 10, 13 and 25. In most cases the 
corresponding inlet concentrations are relatively low, suggesting small differences in the specific water 
volumes being represented by the bulk samples to be the explanation. Contamination of samples may 
be another possible explanation.   
4.2.3 Phosphorus 
Approximately 75 % of the events have inlet concentrations of P exceeding the requirement of 100 
μg/L (Figure 8 and Table 1). All the DPF-6-layer events comply with the threshold limit except event 















































Figure 7: Total concentrations of heavy metals in bulk samples from the 25 events for the inlet chamber (dark 
grey), the DPF-6-layer outlet chamber (grey) and the DPF-18-layer outlet chamber (light grey). The dotted lines 













Figure 8: Phosphorus in bulk samples from the 25 events for the inlet chamber (dark grey), DPF-6-layer outlet 
chamber (grey) and DPF-18-layer outlet chamber (light grey). The dotted line shows the requirement from the 
Municipality of Copenhagen. 
5 DISCUSSION 
5.1 Flow rates 
For the first half year of the DPF-pilot plant testing no clogging problems have been observed, and as 
such the concept of accumulating solids in a compartment (the low porosity layers) separate from the 
compartment supporting water flow (the high porosity layers) is seen to function well.  Thus, the DPF-
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technology is in principle able to overcome the dilemma of traditional filtration where the voids of the 
filter media are used for the two contradictive purposes of flow support, which requires open voids, 
and capturing of solids, which requires small voids that unavoidably become blocked if the treatment is 
successful. The clogging trend observed later on (data not shown) calls for a 2-segments design of 
future DPF-facilities, where the first segment (e.g. 5-10 m) contains no filtering material in the low 
porosity layers (only stagnant water for accumulation of sediment), and is suitable for flushing in a 
direction perpendicular to the overall flow direction, for instance every 6 monts, while the second 
segment (e.g. 40 – 45 m) contains filtering material in the low porosity layers in the original design with 
a lifespan of several years (determined by the porous volume of the filtering material), after which the 
segment will need replacement.   
5.2 Inlet concentrations 
In the review paper by Göbel et al. (2007) the following range of total contaminant levels are reported 
for trafficked areas with high density: SS 66 – 937 mg/L, Zn 120 – 2000 µg/L, Cu 97 – 104, Cr 6 – 50, 
Pb 11 – 25 and P 230 – 3400 µg/L. Despite the fact that the road runoff in Orestad has passed 
through a sand and oil trap before entering the DPF-pilot plant, the observed concentrations of SS, Zn, 
Cr, Pb and P are still within the lower range of these concentrations, except Cu, which is somewhat 
below the literature values (Table 1). The traffic density in this new development has been increasing 
during the measuring period, but is not high. The Municipality of Copenhagen expects the main roads 
in the area to have average daily traffic below 20.000 vehicles. Being a construction site the share of 
trucks and other heavy machinery is however high, which in combination with the construction 
activities may explain the rather high load of suspended solids even after passage of a sand trap.   
5.3 Removal efficiency compared to requirements 
Regarding SS, Zn, Pb and P the DPF-pilot plant performs well. Both the DPF-6-layer and the DPF-18-
layer discharge treated road runoff having contaminant concentrations strongly reduced and in all 
events but number 25 the required threshold limits are met. In event number 25 the outlet 
concentrations of SS and P from DPF-6-Layer are just above the limits, which is ascribed to this rain 
event being one of the more extreme (Figure 4). Both Cu and Cr are identified as potentially 
problematic as none of the filter versions are able to meet the requirements in all events. It should be 
noted however that the average outlet concentrations for the 25 events do comply with the 
requirements, and that the single events exceeding the required concentration limits do so only 
marginally, especially in case of Cu. From the literature and preliminary lab experiments calcite is 
known to have good affinity towards Cu2+ (Ghazy and Ragab, 2007). The explanation for the observed 
lower removal in the pilot plant could be that a part of the dissolved Cu is bound in dissolved organic 
complexes (Metreveli et al., 2010). The insufficient removal of Cr may be attributed to the fact that Cr 
in storm water may be found in its anionic form chromate (CrO4
2-), which does not sorb to calcite 
(Fendorf, 1995; Yolcubal and Akyol, 2007). To improve the removal efficiency of the DPF-pilot plant 
towards Cr and Cu a limestone coating consisting of humic substances and iron oxides has been 
developed and applied to the DPF-6 with promising first results (Cederkvist et al., 2009).  
5.4 Comparison of DPF-6-layer and DPF-18-layer 
As expected, the DPF-18-layer performs better with respect to all contaminant parameters compared 
to the DPF-6-layers. This difference, which is markedly seen for SS, Zn, Pb and P, is ascribed to the 
shallower height of the DPF-18-Layer high porosity layer (4 mm versus 6 mm in the DPF-6-Layer), 
which provides for a better contact between contaminants in the mobile water in the high-porosity 
layers with the stagnant water and calcite in the low porosity layers. Also the approximately 2.5 times 
longer residence time of the water in DPF-18-Layers due to a higher total volume of water (as 
reflected in differences in filter height being 25.2 cm in the DPF-18-layer versus 9.6 cm in the DPF-6-
layers) is expected to improve the removal performance of DPF-18-Layer compared to DPF-6-Layer. 
 The DPF-6-layer represents a cheaper construction compared to the DPF-18-layers, which however 
is expected to have a longer lifetime due to the larger calcite volume. The better removal of 
contaminants in the DPF-18-layer is not a demand for fulfilling the requirements set by the Municipality 
of Copenhagen, which are already met with the DPF-6-layer. 
5.5 Future development of the DPF-technology  
From the data reported here, together with the limestone coating experiment and a number of other 
data obtained on removal of additional elements and organic compounds, distribution of contaminants 
on dissolved and solid forms, size distribution of SS and its fraction of organic matter, which will be 
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reported later, as well as ongoing investigations based on destructive core sampling for the 
observation of horizontal distribution of accumulated solids, a design for a PE-based DPF-module for 
easy construction and simple regeneration is presently being developed in collaboration with industrial 
designers and potential end-users. The immediate market for a DPF-module is expected to concern 
road runoff treatment in a Danish/Nordic context for reuse of the treated water in parks and open 
space areas for recreational puposes, while in a long term perspective a wider application range, 
including treatment of grey- and stormwater for drinking water supply is assumed. This will however 
require a better understanding of the reasons for variability in the performance of the treatment system 
with respect to removal of Cu and Cr.  
6 CONCLUSION 
Based on the observed flow rates and contaminant removal rates from 25 rain events in a pilot plant in 
Copenhagen the concept of Dual Porosity Filtration (DPF) is considered to have a good potential for 
treatment of road runoff to a high water quality. Suspended solids, Zn, Pb and P are all removed to the 
low levels required by the Municipality of Copenhagen. In case of Cu and Cr the average outlet 
concentrations meet the required levels, but some events exceed. For all contaminant parameters the 
DPF-18-layer performs better than the DPF-6-layer, although the better removal rates are not 
necessary for complying with the requirements. The next step is to develop a DPF standard module 
suitable for industrial production and to test a design where the facility is build from two DPF-
segments, where the inlet segment can be flushed to remove sediments In a future context the DPF-
technology may contribute to closing the freshwater flow paths in urban areas, by transforming low 
quality storm water runoff into water with such high quality that it may serve essential supply purposes. 
The IPR’s of the DPF technology are held by the University of Copenhagen (Patent disclosure 
PCT/DK2003/000443).  
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